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STABILIZING FORMULATION FOR NGF 

BACKGR UND 
Field of the Invcntioa 

This invention relates to fomulations of nerve growth factor rNGD and dieir use to induce nefve 
5 cell growth, differentiaion, survival, repair, maturation, or flinctim in vivo or ex vivo. More particularly, this 
invention relates to such pharmaceutical compositions having increased stability and solubility characterisdcs 
fortheNGFcOTiponcDt,paiticularlyhumanrec<mibinantNGFrihNGFl.a^^ ability 
to create stable forms thereof for safe, effective therapeutic administration to human subjects. 

Description of Related Disdosores . 

10 Nerve growdi&ctor(NGF)i$a neurotrophicfactor requiredforthe growthandsurvivalof sympathetic 

and sensory neuronsduringdevelopmentand in mature animals (1). Clinical indicationsforrecombinanthuman 
NGF include peripheral sensory neuropathy and Alzheimer'sdtsease. For example, the systemic administration 
of NGF has been shown to reduce the sensory neuropathy induced by administration of cisplatin and taxpl to 
mice (2,3). In recent clinical trials* NGF has been administered to humans to improve sensory function in 

IS diabetic neurqiathles (4). 

NGF is currently being developed as a liquid parenteral formulation. The protein stability is 
complicated beyond the usual chemicaland physical degradation pathways due to the dimeric structure ofNGF. 
Protein stability can be further complicatedwhen recombinant protein is a mixtureof C-termtnallyclippedNGF 
variants. The crystal structure of murine NGF shows 3 antiparallel pairs of b-strands forming a flat surface 

20 through which the monomers dimerize (5); the dimer dissociation constant is < 10'*^ M (6, 7). The 
rearrangement of monomers within dimers, towards an equilibrium dimer distribution, complicates 
quantification of NGF dimer degradation. 

There exists a need for formulations containing NGF that lead to NGF stability while being safe and 
effective for tfierapeutic administration to noammals, particularty human subjects. 

25 SUMMARY 

The present invention is based on the finding of formulation conditions and mediods for stability of 
NGF in a liquid formulaticm. It is an object of die present invention to provide a suitable foimutetion of NGF 
with enhanced stability of NGF to provide effective induction of nerve cell growth, survival, differentiation, 
maturation, lepab, or function, preferably i/i vivo or ex vivo. In various embodimentsdie formulationscan have 
30 enhanced stability to agitation, freezing, thawing, light, or storage. It is anodier object of die invention to 
provide a stable NGF formulation for use in treating a mammal, preferably human, in need of NGF treatment 
so as to providea therapeuticallyeffectiveamoumof NGF. It is further object to provide an NGF formulation 
with enhanced consistency for improved application to the neuron or mammal. These and other objects will 
become apparent t those skilled in th art. 
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The above objects are achieved by providing an NGF formulation comprising an cfTcctive amount of 
NGFinapharmaceuticallyacceptableacctatebufrer.prcferablysodium In a specific embodiment this 

formulation contains about 0.1 to 2.0 mg/mi NGF in an acetate buffer firom 5 to 50 mM, from pH S to 6. The 
formulation can ojnionally contain a pharmaceutically acceptable diluent, a pharmaceuticalty accepublc. salt, 
3 preferably sodium chloride, w a preservative, preferably boizyl alcohol. 

In another embodiment the inventicm provides a method of producing an NGF formulation produced 
by the steps including fonnulating NGF and acetate, and optionally sodium chloride, and further optionally a 
preservative. 

In another embodiment a method is presented by which NGF dimer degradation is quantitatod 
10 independent of dimer exchange. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts the dependence of NGF aggregate formation at 37*C on formulation buffer and pH, 
quantitated by size-exchislon chromatography, (0) succinate pH 42; (A) succinate pH 5.0; (□) succinate pH 
S.8; 0C) succinate pH 5.0 with 0.05% Tween 20; (A) acetate pH 5.0; and (■) acetate pH 5 J. 
1 5 Figure 2 depicts representative RP-HPLC chromiatograms for NGF in succinate buffer at pH 5.0 (a) 

-70*C ccmtrol and (b) after 38 days of incubation at 37 degrees C. 

Figure 3 depicts semilogarithmicplot of the percent NGF monomer remaining after tncubatioiat 37*C 
for various lengths of time as quantitated by RP-HPLC, (0) succinate pH 42; (A) succinate pH 5.0; (a) 
succinate pH 5.8; (X) succinate pH 5.0 wift .05% Tween 20; (▲) acetate pH 5.0; and (■) acetate pH 5.8. 
20 Curves are fust order fits to the data. 

Figure 4 depicts representative lEC chromatograms for NGF in acetate buffer at pH 5.0 after 38 days 
ofincubationat(sblidline)-70'*Cand(dashedline)37"C. Each dimer appears as a triplet in the chromatogram 
due to N-termmalSer to Gly (SI G)conversion(i 3). The earliest peak in the triplet is the parent dimer, followed 
by a dimCT with a single Ser to Gly con version,and fmally a dimer with a Ser to Gly conversion in bodi chains. 
25 Figure 5 depicU time dependence of the loss of NGF II 8/1 18 and 1 17/120 dimas, by lEC, on 

incubationat 37*C, (A) succinate pH 5.0; (O) succinatepH 5.8; (X) succinatepH 5.0 with .05% Tween 20; (A) 
acetate pH 5.0; and (■) acetate pH 5.8. 

Figure 6 depicu RP-HPLC chromatograms showing the stability of NGF aft^ 1 .6 years at 
(dadied line) 5*C and (solid line) -70*C. Ilie major degradation product aX 5*'C is Asn93 to iso-Asp93 
30 conversion. 

Figures 7A and 7B depict comparisons of NGF (solid line) -70*'C control and (dashed line) 5*C lEC 
chromatograms after 16 years of incubation in acetate buffer at pH 5.0, (Figure 7A) no acid treatment, and 
(Figure 7B) acid treatment of samples prior to analysis. 

Figure8 depicU RP-HPLC chromatograms of 0.1 mg/ml rhNGF in 10 mM acetate at pH 5.5 and 142 
35 mM NaCI stored at 5 (solid lineX25''C (dashed line), and 40*'C (dotted line) for 3 months. Peak (a) contains . 
di-oxidizedrhNGF; peak (b) contains deamidated riiNGF; peak (c) contains mono-oxidized rtiNGF; peak (d) 
contains Iso-aspartate; peak (e) contains 120 rhNGF; peak (f) contains 1 18 rhNGF; peak (g) contains N- 
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teminally clipped HiNGF: peak (h) contains misf ldedrhNGF:and peak (i) contains preiteinehited at gradient 
ramp. 

Figure9 depicts detenninationofrhNOFmonomen (1 18 and 120) remaining in ihNGF foimulations 
after 12 months at 5 degrees C l»y revetsed-phasc HPLC. Formulation A (-©-) contains 2nig/tal tfiNOF 

5 (142mM NaCI, 10 mM acetate. pH 5.5); formulation B (O) contains 0.1 mgAnL rhNOF (l36mM NaCI, 20 
mM acetate, pH 5.5); formulationC (-0-) contains foimulationB phis 0.9% BA; fomulationD (-X-) contains 
formulailonBplus025% phenol; foiroulatlon £(-+-•) contains 0.1 mg/mLihNGF(13«mMNaa20mM 
acetate. 0.01%F68. pH 5.5); formulation F (-A-) contains formulation E plus 0.9% BA; and fonnulaiion G 
(_■>) contains formulation E plus 0.25% ^enol. 

10 Figure 10 depictsdeterminationof rhNGFmonomers(l 18 and I20)reinainihgin rhNGF formulations, 

after 9 months at 25 degrees C by reversed^hase HPLC. Formulation A (-6-) contains 2mgAnl (10 mM 
acetate. pH 5.5X formulation B (-D-) contains 0.1 mg/ml (20 mM acetate, pH 5.5); formulatioo C (-0-) 
contains formulation B plus 0.9% BA; formulation D (-x-) contoins formulation B plus 025% phenol; 
formutationE (-+-) contains 0.1 mgAnL(20mM acetate. 0.0 1%F68. pH5.5); formularion F (-A-) contains 

15 fonnulationE plus 0.9% BA; and formulation G(-«-) contains formutationE plus 025% phenol 

Figine II depicts effect of preservative on Iso-aspartate formatifBa of rhNGF in liquid muhi-dose 
formulations stored at 5 degrees C for 12 months as determined by RP-HPLC. FormutaUon A (-e-) contains 
2mg/mL (10 mM acetate. pH 5.5); formulation B (-□-) contains 0.1 mg/mL (20 mM acetate. pH 5.5); 
formulationC (-0-) contains formulation B plus 0.9% BA; formulation D (-x--) contains formutation B phis 

20 0.25%phenol;formulationE(-+-)contains0.1 mg/knL (20 mM acetate. 0.0 1%F68, pH 5.5); fmmulation F 
(-A-) conteins formulation E phis 0.9% BA; and formutation G (-J^) contains formulation E plus 025% 

phenol. 

Figure 12 depicts effect of preservative on Iso-aspartate formation of ihNGF in liquid muhiKiose 
formutations stored at 25 degrees C for 9 months as determined by RP-HPLC. FormutaUon A (-e-) contaBis 
25 2mg(mL (10 mM acetate. pH SS); formulation B (-□-) contains 0.1 mg/mL (20 mM acetate, pH 5.5); 
formulation C (-0-) contains formulation B phis 0.9% BA; formulation D (-x-) contains formulation B plus 
0.25%phenol;formutotionE(-r+-)containsO.I mg/mL (20 mMacenue. 0.01% F68. pH 5.5); formutation F 
(-A-) contains formutation E plus 0.9% BA; and formutation 0 (-*-) contains formutation E plus 025% 
phenol. 

30 Figure 13 depictscationexchangeHPLCchromatogramsofO.l mg/hilrhNGFin lOmMacetateatpH 

5.5 and 142 mM NaCI stored at 5 degrees C (solid line). 25 degrees C (dashed line), and 40 degrees C (dotted 
line)for3 months. Peak(a)containsmonoanddi-oxidi2edll8/ll8andoxidi2edN-terminallyclipped rhNGF; 

peak (b) contains 118/118 rhNGF homodimw; and peak (c) conuins Ser-Gly 1 18/1 18 rhNGF (l-chain). 

Figure 14 depicts determinationof rhNGFdimer (1 1 8/1 1 8)remaining in rhNGF formulations alto 12 

35 months at 5 degrees C by catioii exchange HPLC. Formulati n A (-e-) contains 2mg/hiL (10 mM acetate, pH 
5.5); formulation B (^3-) contains 0.1 mg/mL (20 mM acetate. pH 5.5); fprmutetion C (~0~) contains 
foiTOutationB plus 0.9% BA; formutation D (-X-) contains formulation B plus 0.25% phenol; formutation E 
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(••^) contains 0. 1 mg/mL (20 ihM acetatCt 0.01% F68, pH 5.5); fonnulation F contains fonnulation 
E plus 0.9% BA; and formulation G (" -) contains fonnulatson E plus 0.25% pboioL 

Figure I S depicts detennination f rhNGF dimer (118/118) remaining in rfaNGF formulations after 9 
months at 25 degreesC by cation exchange HPLC. F rmulation A (-e-) contains 2mg/mL (10 mM achate, pH 
S S.5); formulation B (-□•) contains 0.1 mg/mL (20 mM acetate, pH SJ); fonnulation C (-0-) contains 
fonnulation B phis 0.9% BA; fomiulation D (-x-) contains formulation B plus 0.25% phenol; fonnulation E 
(..H^) contains 0.1 mg/mL (20 mM acetate, 0.01% F68, pH 5.5); formulation F (-A-) contains fonnulatimi 
E plus 0.9% BA; and fonnulation G (-^-) contains fonnulation E phis 025% phenol. 

Figure 16 depicts near (JV CD spectrum of rhNGF in 10 mM acetate, 136 mM NaCL pH 5«S. 
10 Figure 17 depicts a comparison of near-UV CD spectra of rhNGF in the presence (solid line) and 

absence (dotted line) of 0.9% benzyl alcohol in 20 mM acetate at pH 5.5 and 136 mM NaCI after 24 hours at 
25 degrees C. 

DETAILED DESCRIPTION 

The present invention is based on the discovery that NGF formulated in pharmaceutically accepttd)le 

15 acetate buffer from pH 5 to pH 6 as a phaimaceutica] composition has markedly increased stability in these 
compositions. Acetate concentrations can range from 0.1 to 200 mM, more preferably from 1 to 50 mM, arui 
even more 5 to 30 mM, and most preferably from 10 to 20 mM. One prefenedembodimenthas 20 mM acetate 
and another has 10 mM acetate in the administered solution. A preferred acetate sak for enhancing stability • 
and buffering capacity is sodium acetate. However other physiologically acceptable acetate sahs can be used, 

20 for example potassium acetate. Suitable pH ranges for the preparation of the compositions herein are from 5 
to 6, preferably 5.4 to 5.9, more preferably 5.5 to 5.8. A prefened pH is 5.5 which enhances stability.and 
buffering capacity. Another preferred embodiment is pH 5.8. 

A ''pharmaceuticallyeffective amount** of NGF refers to that amount which proWdes therapeutic effect 
in various administration regimens. The compositions herein are prepared containing amounts of NGF from 

25 0.07 to 20 mg/ml, preferably 0.08 to 15 mg/ml« more preferably .09 to 10 mg/mL and most preferably 0.1 to 2 
mg/ml. tnapreferredembodimenttheNGFcon^ntrati(mis0.1 mg/ml. In another preferred embodimem the 
NGF concentration is 2.0mg/hil. For use of these compositions in administration to human patients suffering 
from peripheral neuropathies, for example, these compositions may contain from abcHit 0. 1 mg/mi to about 2 
mg/ml NGF, correspondingto the currently contemplateddosage rate for such treatment NGF is well-toierated 

30 and higher doses can be administered if necessary as determined by the physkian. 

Optionally, but preferably, the formulation contains a pharmaceutically acceptable salt, preferably 
sodium chloride, and preferably at about physiological concentrations. Low concentrations are preferred, e.g., 
1^ than about 0.3 M to about .05 M, preferably from 0. 16 to 0.20 M NaCl, more preferably 0. 1 3 to 0. 15 M. 
In a preferred embodiment the sodium chloride concentration b 136mM. In another preferred embodiment the 

35 concentration is 142 mM. 

Opti nany,theformulationsofthe inventi ncanc ntain a pharmaceutically acceptable preservMive. 
In some embodiments the preservative concentration ranges from 0.1 to 2.0%, typically v/v. Suitable 
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prcscrvmivcsincMc those kiK)wn in the phamaccuticalaits.^ I,phciu)l,ro-citsol,methylparabefi, 
and propylparaben are piefcired preservatives. Bcn^l alcdiol is a particularly preferred preservative that 
results in enhanced NGF stability. A particularly prcfentd benzyl alcohol concentration is 0.7 to 12%, more 
preferably 0.8 to 1.094, with a paiticularty preferred concentration of 0,9%. 
5 Optionally, the formulations of the invention can mcludc a pharmaceutically acceptable surfactant 

Preferred surfactantsarenon-ionicdctcrgents. PrefcnedsurfactantsincludeTween20 andpluronicacid(F68). 
F68 is particularly prefcired for cnhancingNGF subility. Suitable surfactantconccntrationsare 0.005 to 0.02%. 
A preferred concentration for surfactant is 0.01% Surfactants are used to minimize part 

Ina particularlyprefcrredembodfanentthccompositioncontainswiNGFconcemrari^ 
10 a sodium acetate concentration of 20 mM» pH 5.5, a sodium diloride concentration of 136 mM« and beiizyl 
alcohol concentrationitf 0.9% (v/v). In anodier embodiment the NGF concentration is 2.0 mg/rol, the sodhtm 
acetate concentration is 10 mM, pH 5.5, and the sodium chloride concentration is 142 mM. 

In anotherembodimentofthcmventionisprovideda kit for NGF administration 
or reccptaclccontaininga pharmaceuticalcompositionof the invention comprisinga phamnaceutically efTective 
1 5 amount of nerve growth factor and a pharmaceutically acceptable acetate-containing buffer. A preferred vial 
volume is one suitable for muhi-dose use-allowing repeated withdrawal of sample. The increased stability 
attained with the fonnulationsofthc invention allow multi-dose liquid formulation. Typically a muW-dose vial 
will provide sufficient formulation to su(^ly sufficient dosage for one patient for one mrnidi, preferably one 
week. For example, the composition volume generally ranges from 0.3 to 10,0 ml and more preferably from 
20 1 .6 to 2.0 ml, depoiding on dose concentration, firequency and ease of use. For example, a volume of 1 .8 mi 
is convenient when either OJ ug/kg or 0, 1 ug/kg are used, altewing 7 or 24 doses, respectively. When a light 
sensitive component, such as benzyl alcohol is present, die vial is protected from intense light Generally it is 
sufficient to store the vial in a darkened refngeratcwr or within an opaque box. However, the vial walls can 
comprise light transmission reducing materials. For example, transiucem amber or brown vials et an opaque 
25 vail can be useA In preferred embodiments the vial contains muhi-dose f^^ For aval configuration, 

a selected multi-dose liquid formulation can be filled in 3 cc Type I glass vial with 1.8 mL fill volume. 
Selection of stopper will be based on compatibility of different types of stopper widi die selected fomulatton. 

Compositionsof the invention are typically stored at 2 to 8 degrees C. The formulations are stable to 
numerous freeze thaw cycles as shown herein. 
30 In another embodiment the foraiulation is prepared with die above acetate concentratxms. 

A preferredmeansofpreparingafonnnulationistodialyzeabuIkNGFsolutionintoa^ 
Final NGF concentrations are achieved by appropriate adjustment of the formulation widi fomnulation buffer 
absentNGF. Abo provided are mcdjods for Ac preparation of die composition of claim 1 omiprising die steps 
of compoundingsaid NGF and acetate-containlngbufTcr. Also provided are metfiods of increasing the stability 
35 of NGF in a pharmaceutical composition containingNGF as artive principle, comprising Incorporating acetate 
in said composition, wherein said acetate is present in an am unt and pH effective to increase die ^ility of 
dicNGF. 
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The composhi ns here f including lyophilized fmns. are prepared in goieral by compounding the 
components using generally available pharmaceutical compounding techniques, known per se. Likewise, 
standard lyofriiilizati nprocedures and equipment well-kn wnb the an are employed. A particular method for 
preparing a pharinaccutical composition of NGF hereof comprises employing purified (accordmg to any 
5 standard protein purification scheme) NGF» preferably rhNGF, in any one of several known buffer exchange 
methods, such as gel fihiation or dialysis* 

Kerve growth factor C*NGF^ is a 120 amino acid polypeptidehomodtmericprotein that has promiitent 
effects on developing sensory and sympathetic neurons of the peripheral nervous system. NGF acts via specific 
cell surface receptors on responsive neurons to support neuronal survival, promote neurite outgrowdi, and 

10 enhance neurochemical differentiation. NGF actions are accompanied by alterations in neurcmal membranes, 
in the state of phosphorylationof neuronal proteins, and in the abundance of certain mRNAs and proteins likely 
to play a role in neuronal differentiationand function. (Connolly el aA, J. Cell. Biol. Sfi: 176- 180 [1981 ]; Skaper 
and Varon, Brain Res. 1 97:37^389 f 19801: Yu. ei aL, J. Biol. Chem. 222:10481-10492 (1980]; Haleqoua and 
Patrick, Cell 22:571-581 [1980]; Tiercy and Shooter, J, Cell. Biol J1B:2367-^^ 

15 Forebrain cholinergic neurons also respond to NGF and may require NGF for trophic support. (Helti, 

1 Netirosci.. ft: 2 1 55 [1986]). Indeed, the distribution and ontogenesis of NGF and its receptor in the central 
nervous system (CNS) suggest that NGF acts as a target-derived neurotrophic factor for basal forebrain 
cholinergic neurons (Rorsching, TINS, pp 570-573 [Nov/Dec 1986]). 

Littleis knownabouttheNGFaminoacidresiduesnecessaryforthe interactionwith thetricA-tyrosine 

20 kinase receptor. Significant losses of biological activity and receptor binding were observed with purified 
homodimersof human and mouse NGF, representing homogenous truncated forms modified at the amino and 
carboxy termini. The 109 amino acid species (10-1 l8)hNGF, resuhing fifom the loss of the first 9 residues of 
the N-Cerminus and the last two residues from the C-terminus of purified recombinant human NGF, is 300-fold 
less efficient in displacing mouse ['^^I)NGF from the human trkA receptor compared to (Ul 18)hNGF. h is 

23 50- to 1 00-fold less active in dorsal root ganglion and sympathetic ganglion survival c^^ 

The (1-1 18)hNGFhas considerably lower trkA tyrosine kinase autophosphorylation activity. A preferred form 
is the 1 1 8 amino acid human NGF, which is more preferable as a homodtmer. 

The formulatiorisofthe invention include the pantropicneurotrophinpantropic NGF. PantropicNGF 
is a pantropic neurotropbin which has an amino acid sequence homologous to the amino acid sequence of NGF, 

30 wtd) domains which confer other neurotropbin specificities. In the preferred embodiment, the domains are 
substituted for NGF residues; that is, smie number of amino acids are deleted from the NGF sequence, and an 
identical or similar number of amino acids are substituted, conferring an addhional specificity. For example, 
a pantropicNGF is made with a DI6A substitution, which confers BDNF specificity. Optionally, substitutions 
in Acprt-variableregiOT I (V18E+V20L+G23T)and in variable region 4 (Y79C^T8IK+H84QfF86y+K88R) 

35 are included. Ahematively, die substitutions in the pre-variable region I can be made with only single amino 
acid substitutionsin variable region 4; for example, V 1 8E+V20L+G23Tand one of Y79Q, T8 1 K, H84Q, F86Yi 
or K88R may be made. 
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The chemical and physical stability of recombinant human nerve growth factor (NGF) in aquems 
solinion was investigated between 5 and 37*C, in the pH range 4.2 1 5.8. NGF chemical stability increased 
withincreasingpH. In succinate buffer at pH 5.8, NGF physical stebiiitydccrcaseddue to protein aggregaticm. 
Based on both the 5*C stability data and accelerated degradation studies at 37»C the optimal formulattMi vm 
5 found to be achate buffer at pH 5.8. Rcverscd-phase HPLC was the primary stAility indicating melfaod, 
showing convcrsionofAsn-93 to iso-Asp to be the primary degradation pathway 

degradation by cation exchange chnHnatography was complicated by the rearrangement of the NGF monomer 
variants into various mixed dimers over time (dimer exchange). Treatment of samples and controls with dilute 
acid rapidly wjuililwatcd Ae monomer distribution in the dimers, allowing NGF degradation to be ijuantttated 

10 in the absence of dimer exchange. 

Bcn^l alcohol and phenol were evaluated for their compatibil ity and stabile 
formulations for muhi-usc purposes. These two formulations consist of 0.1 mg/mL protein in 20 mM sodium 
acetate at pH 5.5 and 1 36 mM sodium chloride with and without 0.0 1 %pluronic acid (F68) as surfacta^ The 
final concentrations of bcnayl alcohol and phenol in each of these two formulations were 0.9 and 025%, 

15 re^>ectivcly. Based on the 12 month stability data, rhNGF is more stable with benzyl alcohol than phenol in 
these formulations. Benzyl alcohol preserved rhNGF formulation witfi the presence of surfactant is as stable 
as the fomulation with no surfactantadded, indicating that the addition of F68 to rhNGF multinlosefoimulatioo 
is not required for stability purpose. Thcrefore,a formulationconsistingofO.l mg^mL protein in 20 niM acetate, 
136 mM Naa, 0.9% benzyl alcohol, pH 5.5 is recommended for rhNGF used for muhiple dosing in Phase HI 

20 clinical trails. This rhNGF multi^ose formulation passed the USP and H» preservative efficacy test after 6 
months at 5 degrees C, and is as stable as the current liquid formulation at 2 mg/mL However, the fonnuteiicm 
should avoid exposure to intensive li^t due to the presence of benzyl alcohol as preservative which is light 
sensitive. 

In general, the compositionsmay contain other components in amounu preferably not detracting from 
25 theprepararionofstable^liquidorlyophilizabiefonnsandinamountes^ 
administration. 

In order that matcriab like NGF be provided to heaWi care personnel and patients,^^^ 
be prepared as pharmaceuticalcompositions.Such compositions must be stable for appropriate persocb of time, 
must be acceptable in tfieir own right for administration to humans, and must be readily manufacnuable. An 

30 cxampleofsuchacompositionwouldbe a sohition designed for parenteral a^ Although in many 

cases pharmaceutical solution formulations are provided in liquid form, appropriate for immediate use, such 
parenteral foimulations may also be provided in frozen or m lyophilized form. In the former case, the 
composition must be thawed prior to use. The latter form is often used to enhance the stobility of the medicinal 
agent conuihed in tlw composition under a wider variety of storage conditions, as it is recognized by dK»c 

35 skilled in the art that lyophilized preparations arc generally more stable than their liquid countaparts. Such 
lyc^hilizcd preparations are reconstituted prior to use by the addition of su^ 
diluent(sX such as sterile wato" for iiyection or sterile physiological saline sohition, and the like. 



wo 97/17087 



PCTA;S96n6881 



NGF formulations of the invention are believed to be useful in promoting the development, 
maintoiance, or regeneration of neurons in vrvo, including central (brain and spinal chordX peripheral 
(sympathetic parasympathetic, sensory, and enteric neurons), and mot raeurom. Accordingly, NGF 
formulations f the invention are utilized in methocb for die treatment of a variety f neurologic diseases and 
S disorders. In a prefeired embodiment, the formulations of the presem inv nti n are administered to a p 
to treat neural dborders; By "neural disorders" herein is meant disorders of the central and/or peripheral nervo^ 
system that are associated with neuron degeneration or damage. Specific examples of neural disorders include, 
but are not limited to, Alzheimer's disease, Parkinson's disease, Huntington's chorea, stroke, ALS, peripheral 
neuropathies, and other conditions characterized by necrosis or loss of neurons, whether central, peripheral, or 

10 motomeurons,in additionto treating damaged nerves due to trauma, bums, kidney disfunction, injury, and the 
toxic effects of chemotherapeutics used to treat cancer and AIDS. For example, peripheral neuropathies 
associated widi certain conditions, such as neuropadiies associated with diabetes, AIDS, or chemotherapy may 
be treated using the formulations of the present inventioa It also is useful as a component of culture mediai for 
use in culturing nerve cells in v/iro or er vrvo. 

15 In various embodimentsof the invention,NGF formulations are administered to patients in. whom the 

nervous system has been damaged by trauma, surgery, stroke, ischemia, infection, metabolic disease, nutritional 
deficiency, malignancy, or toxic agents, to promote the survival or growth of neurons, or in whatever conditions 
have been found treatable with NGF. For example, NGF formulation of the inyentim can be used to promote 
the survs^ or growth of motomeuronsthat are damaged by trauma or surgery. Also, NGF formulations of the 

20 invention can be used to treat motoneuron disordm, such as amyotrophic lateral sclerosts (Lou Gehrig's 
disease^ BelFs palsy, and various conditions involvingspinal muscular atrophy, «r paralysis. NGF fcmnulations 
of the invention can be used to treat human neurodegenerative disorders, such as Alzheimet's disease, 
Parkinson'sdisease, epilepsy, multiple sclerosis, Huntington's chorea, Down's Syndrome, nerve deafness, and 
Meniere's disease. NGF formu lations of the invention can be used as cognitive enhancer, to enhance learotng 

25 particularly in dementias or trauma. Alzheimer's disease, which has been identified by die National Institutes 
of Aging as accounting for more than 50% of dementia in die elderly, is also the fourth or fifth leading cause 
of death in Ainaicansover6S years of age. Four million Americans, 40% of Americans over age 85 (die fastest 
gn>wing segment oftheU.S. population), have Alzheimer's disease. Twenty-five percent of all patients widi 
Parkinson's disease also suffer from Alzheimer's disease-like dementia. And in about 15% of patients widi 

30 dementia, Alzheimer'sdisease and muhi-infarct dementia coexist The third most common cause of dementia, 
after Alzheimer's disease and vascular dementia, is cognitive impairment due to organic brain disease related 
directly to alcoholism, which occurs in about 10% of alcdioltcs. However, the most consistent abnormality for 
Alzheimer's disease, as well as for vascular dementia and cognitive impairment due to organic brain disease 
related to alcoholism, is die degeneration of die cholinergic system arising from die basal forebrain(BF) to both 

35 die codex and hippocampus(Bigl et al in Brain Cholinergic Systems. M. Steriade and D. Biesold, eds., Oxford 
University Press, Oxford, pp.364-386 (1990)). And diere are a number of odier neurotransmitter systems 
affectedby Alzheimci'sdiscaseCDavicsAfcd Res. /tevJ:221 (1983)). However, cognitive impairment, related 
for example to degeneration of die cholinergic neurotransmitter system, b not limited to individuals suffering 
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from dementia. It has also been seen in thmvise heahhy aged adults and lats. Studies that compare the degree 
f learning tin|>aiiinent with the degree of reduced cortical cerebral blood flow in aged rats show a good 
correlation (Berman etaL Neurobioi. Aging 9:691 (1988)). In chipnic alcoholism the resultant organic brain 
disease, like Alzheimer's disease and normal aging, is also characterized by diffuse reductions in coitical 
5 cerebral blood flow in those brain regions where cholinergic neurons arise (basal forebrain) and to which diey 
project(cercbralcQrtex)(Lofti£ia£, Cei^rovofC-ondBram^^ 1:2(1989)). Such dementias can be 

treated by administration of NGF formulations of the invention. 

Further, NGF formulations of the invention are preferably used to treat neuropiUhy, and especially 
poipheral neuropathy. "Peripheral neuropath/* refers to a disorder affecting the peripheral nervous system, 
10 most often manifested as one or a combination of motor, sensory, sensorimotor, or autonomic neural 
dysfunaion. The wide variety of morphologies exhibited by peripheral neuropathies can each be attributed 
uniquely to an equally wide number of causes. For example, peripheral neuropathies can be genetically 
acquired, can resuh from a systemic disease, or can be induced by a toxic agent Examples include but are not 
limited to diabetic peripheral neuropathy, distal sensorimotor neuropathy, or autonomic neuropathies such as 
15 reduced motility of the gastrointestinal tract or atony of the urinary bladder. Examples of neuropathies 
associated with systemic disease inchide post^polio syndrome; examples of hereditary neurq^athies include 
Charcot-Marie-Toodi disease, Refsum's disease, Abetalipoproteinemia, Tangier disease* Krabbic's disease, 
Met8chromaticIeukodystr(^hy,Fat»y$disease, and Dejerine*Sotta$ $yndrome;^a^^ 
caused by a toxic agent include those caused by treatment with a chemotherapeutic agent such as vmcristine, 
20 cisplatin, methotrexate, or 3'*aztdo-3*rdeoxythymidine. 

A therq)eutically effective dose of an NGF formulation is administered to a patient . By 
*^erapeuticall y effective dose** herein is meant a dose that produces the effects for which it is administered. 
The exact dose will depend on the disorder to be treated, and will be ascertainableby one skilled in the art using 
known techniques. In general, the NGF formulations of the present invention are adrninistered at about 0.01 
25 ^g/kg to abput 100 mg/kg per day.. Preferably, from 0.1 to 03 ug/kg. In addition, as is known in the art, 
adjustments for age as well as the body weight, genera] health, sex, diet, time of administration, drug interaction 
and die severity of die disease may be necessary, and will be ascertainable with routine experimentationby those 
skilled m the art Typically, the clinician will administer NGF formulations of the invention until a dosage is 
mched diat repairs, maintains, and, optimally, reestablishes neuron function. The progress of this ther^ is 
30 easily monhored by conventicHial assays. 

A '*patient"fOTthepurposesofd)epresentinventionincludesbodi humans and otto Thin 
the methods are appUcabte to both human thmpy and veterinary applications. 

Therapeutic formulationsof NGF are prq>ared by mixing NGF having the desired degree of purity wiA 
optional lAysiologically acceptable carriers, excipients or stabilizers YRcmihpon's Pharmaceutica! SciencesV 
35 Acceptable carriers, excipients or stabilizers are nontoxic to recipients at the dosages and concentrations 
employed and will not significantly decrease NGF stability in the fonnulations as taught herein. Such 
compounds inchide antioxidan including ascorbic acid; low m lecular weight (less than about 10 residues) 
polypeptides; proteins, such as serum albumin, gelatin or immunoglobulins; hydrophilic polymers such as 
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poiyvinylpynx>lid ne, amin acids such as histidine, methionine, glycine, glutamine, asparagine, arginine or 
lysine; monosaccharides, disacdiarides and ther carbohydrates including glucose, mannose, or dexirins; 
chelating agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming counterions such as 
sodium; and/or non-ionic surfactants such as Twccn, Phironics or PEG. 
S NGFformulationsto be used for /nv/vo administration must be sterile. This is readily accomplished 

by filtration through sterile filtration membranes. Ordinarily NGF formulations of the present tnventim will 
be stored in liquid fomi at 2 to 8 degitcs C. The formulations are suitable for frozen storage with repeated 
cycles of thawing and freezing. 

Therapeutic NGF compositions generally are placed into a container having a sterile access port, for 
10 example, an intravenous solution bag or vial having a stopper pierceable by a hypodermic injection needle. 

NGF optionally is combined with or administered in concert with other neurotrophic fa^ 
NT-4/S, NT-3, and/or BDNF and is used whh other conventional therapies for nerve disorders, 

The administration of the formulations of the present mvention can be done in a variety of ways, 
including, but not limited to, orally, subcutaneously, intravenously, intracerebrally, intranasally, transdermally, 
15 intraperitoneally, intramusculariy, intrapulmonary, vaginally, rectally, or intraocularty. The fmnulattons can 
be administered continuously by infusion into the fluid reservoirs of the CNS, ahhough bolus injection is 
acceptable, using techniques well known in the art, such as pumps or implantation. In some instances, for 
example, in the treatmoit of wounds, the formulations may be directly applied as a sohition or ^y. 

The following examples are offered by way of illustration and not by way of limitaticm. Tht 
20 disclosures ofall citations in the specification are expressly incorporated hwm^ 

EXAMPLES 
Example I 

Materiab 

Recombinant human nerve growth fact<» (NGF) was produced in Chinese hamster ovary cells and 
25 purified by rever^phase (RP-HPLC) and ion-exchange chromatography (lEC) as described previously (8). 
HFLC grade acetonitrile,andTFA were used for RP-HPLC. All othcrchcmicalswerellSP grade. Sterile type 
I, clear glass, 2 cc vials were purchased from Wheaton and used with siliconized. Teflon-coated, butyl rubber 
stoppers. 

Methods 

30 NGF was dialyzed into 10 mM sodium acetate, 142 mM sodium chloride, at pH 5.0 and 5.8, and into 

1 0 mM sodium succinate, 142 mM NaCl, at pH 42, 5.0, and 5.8, and adjusted to 10 mg/ml. Tween 20 was also 
added to a succinate pH 5.0 formutation to determine if surfactant would reduce NGF aggregation (10 mM 
sodium succinate, 142 mM NaCI, 0.05% Tweoi 20). 

Viab were aseptically filled with 0.3 ml of NGF formulationand stored at 5, 25, and 37^^ 

35 not reportedherc). Controls were stored at -TO'C where no significahtdegradationhas been bservcd. At each 
lime point, 50 pi aliqucrts were removed fVom individual vials and stored at -70**C until analysis. 
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HPLCAnalysis. Cation exchange HPLC(IEC) was carried ow on a HP 1090 system 
sulpho-propyl TSK-SP-5PW (7 J x 75 mm) column with 10 m particles. Mobile phases weie (A) 10 mM 
sodium phosphate, 5% (vAf) acetonitrile, pH 7.0 and (B) A + 1 .0 M ammonhmi chlwide. NGF was chited at 
SS^'C (0.5 mlAniri)with a linear gradient f20-40%B from 5 to 60 minutes. The control and 1.6 year samjrfes 
5 at 5'C were also assayed after "acid-treatment- to bring the distribution of monomer variants in the dimers to 
equilibrium (8, 9). These samples were adjusted to pH 3 J with HCI and incubated at 37*C for 2 hours (resuhs 
at 2 and 4 hours were equivalent). A YMC C4. 5 \im (4.6 x 250 mm) colunm was used for levcrsed-phase 
HPLC (RP-HPLC)on a HP 1090 sysUm at 25*C NGF was elutcd (0,5 mUmin) using a linear gradient of 26- 
30% B in A (B - 0.05% TF A in acetonitrile and A « 0.05% TFA in water) run between 5 and 40 minutes. Size 
10 exclusion HPLC f^SEC-HPLC) was carried out using a Pcrkin Ebner Scries 4 10 Bio LC Pump with a Peikin 
Elmer LC 90 SpectrophotomctricUV Detector and a TosohasTSK 2000 SWXL, 5 »im (7.8 x 300 mm) column. 
This SEC column was run at 0.5 ral/min using a 0.2 M potassium phosphate, 0.45 M potassmm chloride mobile 
phase, at pH 7.0. For SEC UV detection was at 280 nm; for RP-HPLC and lEC. at 214 nm. For all assays 50 
mg of NGF were injected. 

1 5 SDS-PAGE. Samples were diluted into Novcx tricinc SDS sample buffer and incubated for 1 hour at 

50**C. Non-reduced SDS-PAGE was run on Novex tricinc gels containing 10% acrylamide followed by 
Coomassie Blue staining. Molecular weights woe estimated using Bio-Rad low molecular weight markers. 

Neurite Outgrowth Assay. The biological activity of NGF was determined using the PCI2 assay 
developed by Greene (10) and modified as described by Schmelzer et al (8). 

20 Hemolysis. All formulations were tested for hemolytic activity, Tht hemolysis procedure was that 

of Reed and Yalkowsky (I I) except that equal volumes of washed human red blood cells and formulation were 
incubated at 37*'C for 30 minutes before analyse. 

Results 

Formulation developmeniof NGF requires condition be found for which the protein shows 2 1 .5 years 
25 of chemicaland physical stabiUty at 2.8*C. We determined the approximate pH of maximal NGF stability by 
ascertaining NGF stabiUfy in succinate buffer at pH 4.2, 5.0, and 5.8, and acetate buffer at pH 5.0 and 5,8. NGF 
subility decreases above pH 6.0. The assays used to measure protein stability were lEC, SEC, RP-HPLC, SDS- 
PAGE, and the PC 1 2 bioactivity assay. Formulation biocompatibility was determined by hemolysis testing. 
Stability of NGF at 37*C. 

30 AggTT 8»P'"" ftf NGF. The dimer/monomcrequilibriumconstant for murine NGF is gnaller than 10-13 

M at pH 4-7 (6, 7, 9, 12). NGF, therefore, assayed primarily as a dimer in the neutral pH SEC assay, A mall 
amount of aggregated NGF (tetramerbased on molecular weight standards) was observed in the control sample. 
This tctramer peak area increased with time at 37"C. A leading shoulder cm this peak, indicating larger 
aggregates, was observed for all formulations after 38 days at 37*C The time dependencies of aggregate 

35 formation for the various formulationsare shown in Figure 1, The succinatepH 5.8 formulation had the greatest 
aggregation rate. All other formulationshad similarrates of aggregate formation. The additionof the sur&ctant 
Tween 20 offered no protection against aggregation in the pH 5.0 succinate formulation. During preparation. 
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thcNGFpHS.Ssuccuuteformuteti nhadtobefilteredthro fiher, whereas all 

ther fonnulation were filterable through a 23 mm diameter fihcr. This is consistent with the high rate of 
aggregation observed at 37 ''C in succinate buffer at pH S.8. 

Aggregation was also monitored usbg non-reduced SDS-PAGE(gels nm shown). In the •70*C cm 
S samples 3 bands were bserved: m n mer at 1 3 .3 kDa» a very faint dimer band at approximately 26 kDa, and 
a slightly more intense band at 3 1 kDa. The 26 and 3 1 kDa bands became mm intense on incubation at 
elevated temperatures. A sma|l amount of large molecular weight aggregate (> 97 kDa) was observed in all 
fmnulations after 38 days at 37*'C. TheintensltyofthisbandwasgreatestinthepH 3.8 succinate fonnubtion, 
consistent with the poor filterability and high aggregation rate observed by SEC for this fonnulation. Twecn 

10 20preventedthefonnationofthishighmolecularweightaggregateatpHS.O. With the exception of succinate 
at pH 3.8, these sizing methods do not differentiate between the quality of the NGF formulations. 

NGF Monomer and Degradat ion Product Quantitation. The NGF used in these Studies consisted of 
a 1 :9: 1 ratio of the three monomeric polypeptides containing 120, II 8, and 1 1 7 amino acids. The 118 
amino acid variant was produced by clipping of Alal20 and Argn9 from the C-terminus of die 120 parent; 

13 the 1 17 variant had an additional clip, ArgI 18 (8). At pH 3.0, the 1 17 variant has two fewer positive 
charges, and the 1 1 8 variant one fewer positive charge than the 120 parent There is no signiftcant 
difference in the bioactivity of the homodimers and heterodimers formed the 11 7, 1 1 8, and 120 variants 
as measured by the PC 1 2 and chick dorsal root ganglion assays (8). In the acidic, organic, RP mobile f^iasc 
where NGF dissociates to monomer (8), the ehition order is 120 before 1 18, thai 1 17. Typical RP*HPLC 

20 chromatograms for NGF stored in pH 3.0 succinate buffer, for 38 days, at •70*'C and 37*C are shown in 
Figure 2. At elevated temperature, peak area is lost from the peaks defined as NGF (the sum of the 1 18 and 
120 monomer peaks) wfth the iso-Asp, oxidized, and o*er NGF degradatian peaks increasing in area. The 
1 17 peak area was not included in the defmition of NGF due to coelutbn of degradation products with diss 
peak at elevated temperatures. The time dependence of NGF degradation at 37*C, and the apparent fust 

23 order rate constants for diis degradation, are shown in Figure 3 and Table 1, respeaively. 



Tabte L Apparent First-Order Rate Constants for NGF Degradation at 37*C as Determined by RP- 
HPLC* 

30 Succinate 42 Z2x 10-2* I. Ox 10-3 

5,0 1.1x10-2*6.3x10-4 

(••■Tween20) 5.0 1.1x10-2*7.1x104 

5.8 5.7x10-3* 9.7x10-4 

Acetate 5.0 7.9x10-3*8.0x10-4 

35 5.8 4.0x10-3*2.9x10-4 



NGF stability decreased as the pH was lowered. In both the acetate and succinate pH 5.8 buffets NGF 
stability was greater than at pH 5.0. In succinate buffer at pH 42, the NGF degradation rate is further 
incieased, with several hydrophobic degradation products being observed, possibly due to acid-induced 
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cleavage at the Asp60.Pn>61 linkage. Twccn 20 M no aff^ 

(Figure 3) The acetate fomulation appears to be somewhat better in mainuining NGF stability. 

HGF Qyncf pifttrihution. The three NGF monomers containing 1 17, 1 18, and 120 amino acids 
may combine to f fin the 117/1 17 J 18/n8 and 120/120 homodimers^^^ 

5 1 1 7/1 20 hcterodimers. Association of these NGF variants has been shown to be random, wiA no moncmier 
appearing to prefer any other (8, 9X The dynamic dissociation and reassociation of monomers to fonn 
various dimers(dimcr exchange) is accelerated by low pH and increased temperatiOT For a random 
association process at equilibrium, and an initial 1 17/1 18/120 ratio of 1:9:1, the 1 18/1 18 horoodimer will be 
thedominantdiroerspecics withsmallcramountsof die 117/ll8and 118yi20dimersbci^^ 

10 Hie II 8/11 8 and 1 1 7/120 dimers have the same effective net charge in die chosen lEC mobile 

phase and therefore coelute on lEC during NGF purification. This results ^i^ 

distribution of the monomer variants in NGF dimers in the NGF product The 1 17/120 and 1 18/118 dimers 
di^ociate giving the 1 17 and 120 monomers which will reassociate most frequently with 1 18 monomer to 
fcwm 117/118 and 1 18/120 dimers. Due to the different charges on the monomers, the expected elutton 

15 orderof these dimers on cation-exchange chromatography is: 

117/1I7< 117/118 < 118/118- 117/120<1I8/120< 120/120. 
The most populated dimers are distinguishable by lEC (8) as shown in Figure 4. 

Representative lEC chromatograms for NGF at pH 5,0 in succinate buffer after 38 days at -70*C 
and 37*C are shown in Figure 4. During NGF production, a fracticm of the N-terminal serine r^idues are 

20 converted to glycine with no affect on NGF actWity (13). NGF is quantitated here as die sum of the 1 18/1 18 
homodimer and the 118/118 dimer with a Serl to Gly 1 conversion in one of the two monomers (13) (and 
any coeluting 1 17/120 variants); Ae 1 17/1 18 and 1 18/120 peak areas are not included due to degradadon 
products coehiting widi these peaks. The rate of loss of NGF, as monitored by lEC at 37"C, is rfwwn in 
Figure5. The degradation kinetics for die 118 dimer arc multiphasic. The loss in main peak area before 13 

25 days is largely due to rearrangement of die monomer variants between the possible dimer types. The data 
after 13 days more accurately describes NGF chemical degradation. NGF b most stable in the acetate 
forroulattotts at pH 5,0 and 5.8, which have similar stability. NGF in succinate buffer at pH 5.8 and pH 5.0, 
with and widiout 0,05Vo Tween 20, all have similar stabilities. The hemolytic activity of each of die NGF 
formulations was also tested. None of die formulations showed significant red blood cell hemolysis 

30 (<0.1%). The bioactivityofNGF in each ofdicfonnulaiions was akodctwmlned, using 

extension PC12 assay. NGF was bioactive in all of die formulations after 38 days at 37'C. TTie large assay 

variability (approximately 50% error) did not allow quantitative bioactivity differences between diese 

formulations to be detennined. 

A liquid formulation for NGF prefimbly has an adequate shelf-life at 5'C The 

35 stability data at 37''C showed NGF to be most stable in acetate buffer. Based on diis data, NGF stability in 
die acetate pH 5.0 and 5.8 formulations was investigated for 1.6 years at 5*C. RP-HPLC chromatograms at 
pH 5.0 f r die 1 .6 year -70"C control and 5''C samples are shown in Figure 6. The majcv degradadon 
product was Asp-93 conversion to iso-Asp; smaller amounts of Mel'37 and Mcl-92 oxidation were 
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bserved. TTi apparent fust order rate c nstants for NGF degradation, quantitated by RP-HPLC, are 1 .4 x 
1(M ± 1.7 X 10-5 d -1 and 6.8 x 10-5 * 7.0 x 10-6 d-l at pH 5.0 and 3.8, respectively. At 5'C lEC shows 
that NGF stability is approximately the same at pH 5.0 and 5.8, consisMiit with die 37«C IK 
Aggregation f the NGF dimers was not a significant degradati n pathway at 5'C, nly a 1% increase in 

5 aggregate was observed over I. 6 years of storage at 5*C. 

The interpretation of the lEC data at both 5 'C and 3VC, is complicated by dimer exchange, the 
exchange rate being slower at die lower temperanire. To improve lEC quantitation, the dima distribution 
was brought to equilibrium by incubation at pH 3.5 for 2 houn at 37'C prior to lEC analysis (8.9. 14). No 
new degradation products were observed after this treatment. The acetate pH 5.8 samples after 1 .6 years of 

10 incubation at 5X are compared with controb before and after "acid treatment" in Figure Z 

peak area to the peripheial peaks due to dimer exchange was elimbated by acid treatment, revealing the true 
degradation of NGF. Quantitation after acid treatment showed that 94 and 92% of Ae NGF main peaks 
remain after 1 ,6 years at 5*C at pH 5.0 and pH 5.8, respectively, compared to 84 and 87% witfiout a^^^ 
treatment For comparison, RP-HPLC analysis showed 93 and 96% of the NGF 1 1 8 and 120 monomers 

15 remaining at pH 5.0 and pH 5.8, respectively. 

NGF chemical stabilhy was shown to increase with pH, the pH of maxunal stability being near pH 
5 8. At a fixed pH, the RP-HPLC and lEC data at 5 and 37'C were consistent In showing NGF chemical 
stability to be greater in acetate than succinate buffer. In addition, NGF aggregation was not a significant 
degradation pathway, except at pH 5.8 in succinate buffer. A complicating factor in die determuiatioo of 

20 NGF stability is that dimer exchange contributes to die apparent degradation of NGF dimers as determined 
by lEC A more accurate representation of NGF chemical degradarion can be obtamed by pretieating «!»• 
controls and samples wW» acM at 37"C to bring the dimer disnribution to equUibfium. Taken togedier. these 
data show that the optimal formulation and storage conditions for NGF sttbility are acetate butter at pH 5.8 
with storage at 5*C. 

25 Example II 

Results fiom Phase II clmical trials indicate that patients with peripheral neuropathy disease require 
three dosings per week of rhNGF at either OJ « 0.1 pg/kg. This means diat only 21 or 7 pg per dosing of 
rhNGF isneededforanBveragepBtlentofbodyweight70kg. Using die current ihNGF liquid fonnulation (2 
mgtoL in 1 6 mM sodium acetate. pH 5.5. 1 42 mM NaCI) and vial configuration (0.7 mL per vial) would h^ 

30 wasted a lot of drug product. Therefore, a new rhNGF formulation at low concentratkm. preferably multi-dose 
configuration, is required to reduce the cost and wastage of die product The purpose of this study was to 
develop a stable multi-dose liquid formulation for rfiNGF at 0.1 mg/taL witfi 1.8 mL fill in 3 cc glass vial for 
use In Phase 111 clinical trails. Widi diis new configuration.e8ch vial will gWe 180 pg protein and will provide 
at least 7 doses at die high dosing tevel (0.3 pgflcg) and 24 doses at the hw dosing kvel (0.1 pgA^ 

35 In this study, the resuhs on compatibility and swbllity of preservative containing 0.1 mg/mlA^ 

muhi-dose liquid f rmulations at pH 5.5 are presented. A comparison between die stabiliQr of die new multi- 
dose liquid fonnulati ns at 0.1 mgAnL rhNGF and die current 2 mg/mL rhNGF foraiulatkm was also studied. 
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Results n agitati n, freezing and thawing, and light compaUbiiity studies of the lead muHi-dose liquid 
f rmulations for 0. 1 mg/mL riiNGF were also reported. 

In this study, rhNGFconcennaiedbulkformulatedat 11.6 mg/mL in 10 mM sodium acetate, 142 mM 
sodium chloride at pH 5.5 with 20 mL filled in 1 00 cc glass viatew^ Ail chemical reagents and materials 
5 used in thb Example are listed in Table 2. 

Table!: List of Materiab 

-riiNGF concentrated bulk, 1 1.6 mgAnU in 10 mM sodium acetate, 142 mM sodmm chloride, pH S J 

•Sodium acetate trihydrate, Genentech Release Materials Q)de G20 136, Lot 
10 -Glacial acetic acid. Release Materials Code G20027-01. Lot S0567 

•Sodium Chloride. Release Materials Code G20136, Lot SI 152 

•Benzyl alcohol, Release Materials Code G20226, Lot C02(K) 

-m-cresol, Sigma, Lot 107F-3497 

•Methylparabra, Napp Chemical Inc., Lot LM 86^6285 
15 .Propylparaben, Napp ChcmicallncLL86-624 1 

-Phenol, Release Materials Code G201 36, Lot 620015, Lot B090I 

-Polysorbate 20. Release Materials Code G2009I, Lot AUOS 

•Pluronic acid (F68), Release Materials Code GXXXX, Lot XXXX 

-Sterile, pryogen-free non-siticonized Type I clear glass 3 cc vials (Whcaton Tubing Products); prepared in 
20 Phase V per standard procedures 

-Sterile 13 mm Purcoat nibber stoppers, Clinical manufacniring, Genentech, Inc. 
-13 nmi aluminum flip-off cap. Clinical muiufacturing, Gencntech, Inc. 



Methods 

25 rhNGF Multi^drv;e Liquid Fof inulfltions Preparation. riiNGF concentrated bulk was dialyased into a 

formulacion buffer consisting of 20 mM sodium acetate, 136 mM sodium chloride at pH 5.5 by ultrafiltration 
using Amicon Centriprep™ concentrator with molecular weight cutofTof 1 0,000 KD. This refonnulatedrhNGF 
bulk was dien diluted to 0.15 mg/mL using the same fonnulation buffer for dialysis. Preservatives and 
surfactanu used for compatibility screening and formulation development studies were added to this dihited 

30 rhNGF solution at their tested concentrations. Prc^in concentration for each foraiulation was then adjusted to 
0.1 mg/mL by UV analysis using the appropriate formulation buffer. A list of preservatives and their 
concentrations used for physical compatibility with rhNGF in liquid formulations are given in Table 3. 
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Tables: List f Preservative Screcoiog Fornttlatiou for 0.1 Dt/nL rhNGF 



IS 



20 



Formulation buflBa- 
20 mM acetate. pH 5.5 
136inMNaCI 



10 20 lioM acetate, pH 5.5 
l36inMNaa 



20 mM acetate, pH 5.5 
i36inMNaCl 



Surfactant 
none 



0.01«>;Twccd20 



0.01% F68 



PrcscnratiYC 

0.9% benzyl alcohol 

0^5% phenol 

0.45% phenol 

0.2S% m-citsol 

0. ) 8% mediylparaben 

0.02% propylparaboi 

0.9% benzyl alcohol 

0^%phenol 

0.4S% phenol 

0^S%ni-cicsol 

0. 1 9% methylparaben 

0.02% propylparaben 

0.9% benzyl alcohol 
OlSVpfbeool 
0.45% phenol 
0.25% m-cmol 
0.18% methylparaben 
0.02% propylparaben 



Experimental Deslpi 

25 All rhNGF multi-dose liquid fcmnularicms prepared were sterile filtered through 0.22 |un fiher prior 

to filling. Each formulations were ascptically filled into Type 1, clear glass* 3 cc Wheaton vials with a fill 
volume of 1.8 mL. Vials were stoppered with 13mmPurcoatstoppersandhandcrimpedwtth 13mmahuninum 
flip-offcaps. 

For the preservative screening study, samples were stored at room tonperature for 24 hours to 
30 detennine physical compatibility. For the fonnulation development study, samples were stored at -70« 5, 25 and 
40X. At each time|X)tnt. one sample/fonnulationAemperature was assayed. 

Agitation studies were carried out at room temperature on the current 2 mg/mL rhNGF formulation, 
the muhi-dose formulations diat contain either 0.9% benzyl alcohol or 0.25% phenol in ^e absence of 
surfactant, and the 0. 1 rag/mL rhNGF control diat contains no suriacumt and preservative. A 3 cc vial of each 
35 formulation tested was secured to a labmtory bench top shaker (Gbs-Col) and agiuited at 80 rimi for 6 and 24 
hours. Samples collected after 6 and 24 hours of shaking were assayed by SE-HPLC, RP*HPLC. ELISA and 
RRA. 

Freezing and thawing cycling was performed on the same formulations that used for agiution studies. 
One vial from each formulation tested was placed in -TO'C freezer and allowed to freeze for 24 hours. After 
40 24 houn of freezing, samples were thawed at 5**C for 24 hours. This freezing and thawing procedure was 
repeated up to 3 times. Samples collected at the end of the third cycle were assayed by SE-HPLC, RP-HPLC, 
ELISA and RRA. 

The effect of light on stability f riiNGF was snidied on the same formulations that used for agitation 
swdies. One vial from each formulation was placed in a light box (Forma ScientifK, Model 3890) under high 
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intensity fluorescent light for 5 weeks . Control vials wrapped with aluminum foil were abo placed in the light 
box. Light intwisity was 20,000 hix which was about IS-20 times that of mdoor fluorescent light, and the 
temperature of the light box was maintained at 28*C. Samples were assayed at 2 and S weeks by SEC*HPLC, 
ELISAandRRA. 



10 



15 



20 



Analytical Methodology 

A. UV AnaWsis. rhNGF concentration was determined by scanning from 240 to 360 nm using an HP 
8452A UV* Vis spectrophotometer. Formulation bufTer was used as a reference to blank the instrwient, and the 
protein concentration in mg/hiL was calculated from (A280-320)/l.S, where 1.S is the extinction coefTtctent 
of rhNGF in mL/(mg.cm). 

B HPLC Analysis. The following HFl>C methods were used. 

Reversed-Phase HPLC 

column: YMC 04, 5 pm, 4.6 x 250 mm 

mobilephase: A: 0.05% (v/v) TFA, water 

B: 0.05% (v/v) TFA, 100% AcCN 
gradient: 25-27% B(26»X 27-50% B (4*), 50-80% Bd'X 

80-25% B (4'), 25% B (20') 
I mLAnin 
55 min 
25^C 
HP-1090 
214, 280 nm 
\5w 



flow rate: 
runtime: 
temp: 

LC: 

detection: 
injection: 



Size Exclusion HPLC 



25 



30 



column: 

mobilephase: 

gradient: 

flow rate: 

runtime: 

temp: 

LC: 

detection 
injection: 



Tosohaas TSK 2000S WXL, 5 pm, 7.8 x 300 mm 

0^ M potassium phosphate, 0.45 M KCI, pH 7.0 

isocratic 

l.OmLAnin 

30min • 

ambient 

HP-109P 

214,280nm 

15 pg 



Cation Exchange HPLC 
coiunm: 



Tosohaas TSK SP-5PW, 10 pm, 7,5 x 75mm 
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mobile phase: A: 10 mM sodhim phosphate, 10% (v^^ 
AcCN»pH7^ 

B: A + 1 M aminoniuin chloride 
gradient: 10-40%B(60*X40.60%B(50»60-IO%B(r), 
5 71-«e%B(l5') 
flow rate: 0.S mLAnin 
run time: 86min 
temp: 35*C 
LC: HP-I090 
10 detection 214 nm 

injection: 15 jig 

C. ELISA. Tliis assay with a range of 0.39 - 625 ng/mL was canried out by Immunoassay 
ServicesfTest ProcedureCode SNGF:1 of Gencntech,lnc.). Each rhNGF sample was dihited in assay 
diluent to two target c<Hicentrations of 5 and 2 J ngMiU and each dilution was submitted in micnmic 

1 5 tubes in triplicate. The protein concentration in mg/mL was notmalized to a <70*C internal reference 
standard which was submitted ffM* the same assay. 

D. Radioreceptor Amv HIRAV This assay measures Che ability of unlabeled ihNGF 10 
compete with 1251-rhNGF for receptor binding on PC-12 cells. This assay was carried out by Bioassay 
Service (Gencntech, Inc. Test Procedure SNGF:6) and has a range of S-80 ng^. Each rhNGF sample 

20 was diluted in assay diluent to two target concentrations of 25 and 12.5ng/mWand each dilution was 
submitted in micronic nibes in duplicate. The protein concentration in mg/mL 
70 "^C internal reference standard which was submitted for die same assay. 

E. PC-12 Cell Survival Bioassav. This assay determines the ability of rhNGF to bind to its 
receptors and generate intracellular signals that result in the survival of PC-12 celb under serum-free 

25 culture conditions. This assay was carried out by Bioassay Service (Test Procedure SNGF:7) and has 
a range of 0.24-30 ngi^. The active protein concentration in mg/mL was normalised to a -70*C 
. internal reference standard which was submitted for the same assay. . 

F. Visual Inspection. Visual inspectionwasperfonned on all fonnulationsin vials at the tnne 
of sampling. Samples were observed for solution clarity, color, opalescence and particulate formation. 

30 G. pH Determination. pH of all formulations was determined at each timcpoint using a 

radiometer ( model PHM82, Radiometer America Inc.) and a micro-electrode (model MMIO, 
Microclectrodes, Inc.). Standard solutions of pH 4.01 and pH 7.00 were used for the standardization 
and calibrati(m of the radiometer prior to pH measuriement 

H. Preservative Effectiveness Test. The lead rhNGF multi-dose liquid formulations which 

35 were stable at 5'C for 6 months were sent to Northview Lab for bacterial challenge testing based n 
USP and £P standard criteria. 
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I. rircnlarDichnf rhTn Analysis. AnAVlV spectropolarimc^erModel 60 DS equipped 
with water bath and data processor was used to measure circular dichroism. Measurements were made 
at 20*c/ Quartz cuvettes f 1.0 cm cell path Icngtfi was used for measuring near-UV CD. Hie CD 
spectra was taken at 0 J nm intervals, widi a O.S mn bandwidth, and 3.0 second averaging time. Each 
5 sample for CD measurement was taken continuously for 24 hours. The CD data were expressed as the 
mean residue cllipticity (qj, degrce.cm2/dectmole, using the mean residue weight of 120 for fhNGF, 



Results 

A preservative screening study was first performed to examine the physical compatibility of 
several commonly used preservatives with rhNGF at O.l mg/mL in the 20 inM sodium acetate 
10 formulation at pH 5.5. These preservatives inchidc benzyl aloAol, phenol, m-cresol,mcthylparBbw 
and propylparaben. In addition, the physical compatibility of these preservatives with rhNGF in the 
acetate formulation with the presernce of surfactants such as po]ysorbate20 and pluronicacid (F68) was 
also studied. The physical compatibility results are shown in Table 4. 



1 5 Table 4: List of rhNGF Liquid Formalatioos Selected for Long Term Stability Testing 

I. Current liquid formulation 

1. 2 mg/roLrtiNGF in 10 mM acetate, 142 mMsodhim chloride, pH 5^ 

II. Control liquid formulations (no preservative) 

1 . 0. 1 mg/mL rhNGF in 20 mM acetate, 1 36 mM sodium chloride, pH S.S 
20 2! 0.1 mg/mL rhNGF in 20 mM acetate, 136mM sodium chloride, 0.01% F68» pH 5J 

III. Multi-dose liquid formulations 

1. 0.1 mg/mLrhNGFtn20mMacetate,136mMsodiumchloride,0.9%benzylalcoliol, 

pH5.5 

2. 0. 1 mg/mL rhNGF in 20 mM acetate, 136 mM sodium chloride, 0.25% phenol».pH 
25 5 J 

3. 0.1 mg/mL rhNGF in 20 mM acetate, 136 mM sodium chloride, 0.01% 
F68. 0.9% benzyl alcohol. pH 5,5 

4. 0. 1 mg/mL rhNGF in 20 mM acetate, 1 36 mM sodhim chloride, 0.01% 

F68, 0.25% phenol. pH 5 J 

30 ■ • ' : : 

Among the preservatives used for screening, they are all physically compatible with rhNGF at 0.1 

mg/mL in the acetate formulation at pH 5.5. In the prcscnoc of polysorbate 20 at 0.01% in the same 
formulation, only benzyl alcohol and phenol at fmal concentrations of 0.9% and 025% respectively 
were physically compatible with rhNGF. Phenol at 0.45% and m^resol at 025% each formed a ctaudy 
35 solution with ihNGF in the acetate forrnuUtion in the presence of polysorte The rhNGF sohition 
also became slightly opalescent upon the addition of mcthy Iparabcnat 0. 1 8%or propylparabenat 0.02% . 
to the polysorbate20 containing acetate formulation. On the other hand, pluronic acid at 0.01% in the 
same formulationdid not cause any physical incompatibility between rhNGF and all the preservatives 
tested. 

40 Based on the preservative screening sftidy results, several rhNGF mulU-dose Uquid 

formulationscontainingeither 0.9% benzyl alcoh I r 025% phen I in 20 mM acetate at pH 5,5 with 
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and without 0.01% F68 were set up for long tenm stebility study. A list of these formulations were 
given m Table S. 



Table 5: Physical C mpatlbillty of Preservatives with 0.1 mg/mL rfaNGF liquid Formutotioiis 

S FnTmulaftnn buffer SuifilCttnl PrCSCrYfltiYC SfiSUlfi 

20 mM acetate. pH 5.5 none 0.9% benzyl alcohol co/cl 

136raMNaCI 025% phenol co/d 

0.45%phaiol co/cl 

0.25%ni-cresol co/cl 

10 0.18%fnethylparaben co/cl , 

0.02% propylparaben co/cl 

20 mM acetate, pH 5.5 0,0l%Tween20 0.9% benzyl alcohol co/cl 

l36mMN8CI 0.25% phenol co/cl 

15 0.45% phenol cloudy 

0.25% m-cresol cbudy 

0.18%niethyiparaben si. opal 

0.02% propylparaben si. opal 

20 20mMacewte,pH5.5 0.01% F68 0.9% benzyl alcohol co/cl 

1360iMNaCI 0.25% phenol co/cl 

0.45%phaiol co/cl 

136mMNaa 025%m-cresol co/cl 

0.18%methylparabeo co/cl 

25 0.02% propylparaben co/cl 



Stability of ihNGF in dicsc fonnulations was assayed by the following techniques: SE-HPLC. RP- 
HPLC, lE-HPLC, EUSA, radioreceptor assay (RRA). PC-12 cell survival bioassay. pH. and visual 
inspection. The acceptability of a muhi-dose liquid formulation for rhNOF will be based on 

30 comparison to the current liquid formulation whidi consists of 2 mg/mL rtiNGF in ID mM sodhuh 
acetate at pH 5.5, and 142 mM sodium chloride. In the other word* the preserved formulation should 
be as stoble as the current liquid formulation. Resuhs obtained to date represent 12 months at -70 and 
5'C, 9 months at 25*C, and 3 months at 46*C stability monitoring data. 

pizgwfaclusion Chromatopaphv. Size-exclusionHPLC was employed to detect and quantitate 

35 aggregate formation in the rhNGF multi-dose liquid fonnulations as well as their control formularions 
which contam no preservative. Using this technique, rhNGF clutes as dimcr (main peak) at a retention 
time of 8.6 minutes. Benzyl alcohol and phenol elute at 16 and 19 minutes respectively. The 
appearance of leading shoulder on the dimer main peak indicates the presence of aggregate of higher 
molccutor weight Tht data in table 6 shows that rhNGF is stable to aggregate formation in all 

40 fonnulations containing 0.9% benzyl alcohol as preservative* 
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: EHect f pmervative n aggrcgsti n of 0.1 mg/mL rhNCF In Uquid fonnulationi wss 
Incd by SEC-HPLC Samples were st red at 5*C f r 12 m nths, 25*C for 9 moDtbs and 



Table 6: 
determined 
40''C for 3 montha. 



s FftTTTiulmipn buffer 

10 mM acetate, pHS.5 
]45mMNaCl,2ing^ 

10 20 mM acetate* pH S J 
l36niMNaCI«0.1mg/mL 

20 mM acetate, pH S.S 
136mMNaCI,0.l mgMiL 

20 mM acetate, pH S.S 
IS 136 mM NaCI, 0.1 mgAnL 

20 mM acetate, pH S.S 
136 mM NaCI«0.1mg/inL 

20 mM acetate, pHSS 
136 mM NaCI, O.lmgAnL 

20 20 mM acetate, pH S.S 
136 mM NaCI, 0.1 mg/mL 



Riiffflgtant 
none 

none 

none 

none . 

0.01% F68 

0.01% F68 

0.01% F68 



S*C 
0 



PrcscrYfltivc 

none 

none 0 
0.9% benzyl ale. 0 
025% phenol 0 
none 0 
0.9% benzyl ale. 0 
0.25% phenol 0 



% Aggrcmc 



25*C 40*C 
02 0.4 



0.4 



0.5 



0.5 OS 



A small amount of aggregate (less tfian 1 %) was detected in the phenol containing fomulations (with and 
without 0.01 % F68 as sutfactant) after 3 months at 40*C and 9 months at 5*C. Total protein recovery of 
2$ these samples, compared to their -TO'C controls, was given in Table 7. 



30 



35 



40 



Table 7: Quantitationof total rbNGF by SE-HFLC. SampleswerestoredatS'C forl2 roonths»25*C 
for 9 months and 4p**C for 3 months. 



Fflrmulation buffer SlUftSttOL 



10 mM acetate, pH S.S 
145 mM NaCI, 2 mg/mL 



20 mM acetate, pH 5 J none 
136mMN8Cl,0.lmgteL 

20 mMacetate«pH S.S none 
136 mM NaCI, 0.1 mg/mL 

20 mM aceute, pH 5 J none 
136 mM NaCI, 0.1 mgteL 

20 mM acetate. pH 5.5 0.01% F68 
136 mM NaCI, 0.1 mg/knL 

20 mM acetate, pH S.5 0.01% F68 
136 mM NaCI, 0.1 mg/hiL 



PrgSCTYfltiYC 
none 

none 

0.9% benzyl ale. 
025% phenol 
none 

0.9% benzyl ale. 



5*C 
102 



101 
102 



25*C 40*C 
102 102 



101 
99 



99 97 



101 101 



101 99 



101 

101 

98 

98 

99 



-21- 



wo 97/17087 



PCTAJS96/16881 



20mMacetatcpH5J 0.01% F68 0^5% phenol 100 97 97 

136inMNBCI,0.1]ng/M. 

Cumnt fonnuladon, controls and benzyl alcohol containing fonnulations had 99% or greater protein recovery 
5 after 9 months at 25''C, while phenol containing fonnulations had 97% for the same storage time and 
temperature. These resuhs indicate that rhNGF is more compatible and stable with benzyl alcohol than phenol 
in all formulattras studied 

Reversed-Phase HPLC. The rhNGF used in this study consists of mainly 118/118 homodimer and a 
small amount of 120/120 homodimo-. Under the conditions of reversed-phase chromatography, the two rhNGF 

10 dimeric forms arc dissociated and their monomers are separated. RP-HPLC separates the rhNGF monomers 
based on the hydrophobicity of each species. The 1 1 8 monomer which is more hydrophobic than the 120 
monomer elutes at a retention time of 23 minutes. The 120 monomer elutes as a sniall peak in front of the 1 18 
monomer peak. Comparison of RP-HPLC chromatogramsof rhNGF in the benzyl alcohol pressed formulation 
containingno5urfactantatS,2S,and40 are shown in Figure 8. The degradation ofrhNGF stored at elevated 

1 5 temperatures was mainly due to the formation of iso-aspartate, loss in 1 1 8 and 120 monomer peak areas, clip 
formation and increase in misfolded rhNGF as determined by RP-HPLC. The mono- and di- oxidized rhNGF 
peaks and the deamidated rhNGF peak remain unchanged. In this study, rtiNGF b defined as the sum of the 11 8 
and 120monomerpeakareasbyRP-HPLC,andtheresultsarereportedaspercentrfaNGFremainingascompar^ 
to the -70**C controls. 

20 Decrease in percentproteinremaining due to the loss of 118 and 120 monomer peak areas assayed by 

RP-HPLC is die major degradation for rhNGF in liquid formulation. At 5*C, the stability of rhNGF in multi- 
dose formulations as determined by RP-HPLC are essentially equivalent to the non-preserved control 
formulations as well as the current formulation (more than 95% rhNGF remaining after 12 months) except for 
the phenol jwescrved formulation containing 0.0 1 % F68 (Figure 9). Thb formulation had slightly less percent 

25 rhNGF remaining ( 93%) after 12 months at 5*C. At 25'C, rhNGF is obviously less stable in the presence of 
0J25% phenol than 0.9% benzyl alcohol as preservative in the 20 mM acetate formulation at pH 5.5 (Figure 10). 
the combination of phenol and F68 in the acetate formulation caused more degradation of the protein than the 
presence of phenol aloiie. 

Iso-aspartate formation of rhNGF in liquid form is time and temperature dependent The rate of iso- 

30 aspartate formation increases with increase in time and temperature. At 5'C, all formulations show a simibrrate 
of iso-aspartate formation (Figure 1 1), There was about 1.5% iso-aspartate formed in all rhNGF multi-dose 
formulations and their non-preserved control formulations after 12 months at 5*C. However, the rate of iso* 
aspartate formation is slightly higher in the rhNGF formulations preserved with 0.9% benzyl alcohol than the 
control formulations and phenol preserved formulations stored at 25*C (Figure 12). Since iso-aspaitate 

35 formation ofrhNGF does not affect the bioactivity of the protein, the effect of preservative on iso-aspartate 
formation of rhNGF is not a major concern. 

Cation Exchgnyg rhromatofraphv. lE-HPLC chromatograms for rhNGF in the current formulation 
at 3 months at 5, 25, and 40'C arc shown in Figure 13. There are three major peaks observed. The predominant 
peakisthe ll8/ri8dimer(peakb)whichelutesatabout48 minutes! The peak c behnid die main peak is fnmi 
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10 



15 



20 



a serine to glycine substitution at position 1 in one of the two dimer cham. The peak a in ftmx t the main peak 
is believed to be the xidtzed 11 8/118 and oxidized N-tenninally clipped rhNGF. At elevated teihperatures (2S 
and 40^C), degradation of rhNGF as determined by lE-HPLC is characterized by the decrease in peak areas f 
the 118/118main peak and the serine to glycine substituted 118/1 18 dimer and the increase in peak a area. In 
this snidy, rhNGF is defmed as the sum of the 118/118 dimer (peak b) and ne chain serine to glycine dimer 
(peak c) peak areas by lE-HPLC, and the results are reported as percent rhNGF remaining as compared to the 
•70'*C controls. 

Figures 1 4 and 1 S show the percent rhNGF remaining in all rhNGF formulations by lE-HPLC after 1 2 
montfis at 5'C and 9 months at 25*C, respectively. At the peak area of peaks b and c for all rhNGF 
formulations remained unchange after 12 months. At 2S''C, all rhNGF formulaticms ^ow a similar rate of 
degradation, and there was no signiflcant difference in subility between the multi-dose formulations and the 
control formulations as assessed by lE-HPLC 

ELISA. The data in Table 8 show the percent rhNGF remaining at S, 25 and 40*C after 12, 9 and 3 
inonths of storage, respectively. 

Table 8: Stability of current and selected mulli-dose liquid formulations for rhNGF determined by EUSA 
after 12 months at 5X, 9 months at 25*'C, and 3 months at 40*C 



Formulation buffer SurfflCtml 

10mMaceute,pHSJ none 
145mMNaCl,2mg/inL 

20 mM acetate, pH 5.5 none 
]36mMNaC1.0.1 mg/taiL 



25 20 mM acetate* pH 5.5 none 
136mMNaCl,0.1 mg/mL 

20 mM acetate* pH 5.5 none 
136mMNaCl,0.1mg/mL 

20 mM acetate* pH 5.5 0.01% F68 
30 136 mM NaCI* 0. 1 mg/knL 

20mMacetate,pH5J 0.01% F68 
136mMNaCl,0.1mgAnL 

20 mM acetate* pH 5.5 0.01%F68 
,136mMNaCl*0.1 mg/knL 



Prgsgrvativc 
5X 

none 



none 



% rhNGF 'Remainlnf 

25*C 40*C 

lOU 89.1 102.2 



97.8 



102.6 94.4 
92.9 97.1 



0.9%ben^lalc. 103.1 

0.25% phenol 111.3 88.5 91.6 

none 98.5 102.7 92.7 

0.9% benzyl ale. 101.9 92.6 87.7 

0.25% phenol 103.4 92.5 82.6 



35 a Calculated as a percenuge of assay response for •70^C control sample at the 
same storage period. 



40 



Results were normalized to the -70*'C controls stored at the same temperature for the same period of time. There 
were no significant difference between the benzyl alcohol and phenol preserved formulation either in the 
presence or absence of 0.0 1%F68 as surfactant for all temperamres and time points studied. 
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RadinpcceptorBinding Activity fRRAV The RRA results are presented in Table 9 and are normalbed 
to the -70*'C controls. 



10 



IS 



20 



2S 



Table 9: Stability fcuirent and selected multMlosc liquid formulations for rhNGF determined by RRA 
after 12 months at S**C, 9 months at 25X« and 3 months at 40"C 



FormHlatign buffer 

10 mM acetate»pH 5 J 
143 mMNaCI,2mg/taiL 

20 mM acetate, pH S.S 
136 mMNaCLO.l mg/hiL 

20 mM acetate, pH S.5 
136 mM NaCU 0.1 mg/mL 

20 mM acetate, pH 5.5 
136 mM NaCl»0.1 rog^L 

20 mM acetate, pH 5.5 
136 mM NaCI, 0.1 mg/knL 



Surfactant 
none 

none 

none 

none 

0.01% F68 



PrcsgnratiYC 
none 

none 

0.9% benzyl ale. 
0.25% phenol 
none 



% rhNGF ^Rgmaminy 
5'C 25'*C 40»C 
111.3 121.5 74.9 



100.6 106.5 82.1 



94.2 9U 



82.0 72.5 



81.6 
68.8 



92.9 79.2 80.8 



20 mM acetate, pH 5 J 
136mMNaC1.0.] mg/knL 

20 mM acetate, pH 5.5 
136 mM NaCl, 0.1 mg/mL 



0.01% F68 
0.01% F68 



0.9% benzyl ale. 
0.25% phenol 

a Calculated as a percentage of assay response for -70*'C conox>l sample at the same storage pmod. 



92.0 
98.0 



80.7 



83.7 



83.2 
73.7 



In the absence of 0.01% F68 in the acetate formulation at pH 5.5, the phenol presoi^ed formulation had less 
percent protein remaining than both the benzyl alcohol preserved formulation and the control formulation for 
all temperatures studied. In the presence of 0.01% F68 in the acetate fonmulatlon at pH 5.5, rhNGF in the 
preserved (benzyl alcohol or phenol) and the control formulation had lost about 20% of its bioactivity at 25 and 

30 40''C after 9 and 3 months, respectively. These results suggest that phenol and F68 can affect the ability of 
. rhNGF to bind to the NGF receptor on PC-12 cells. Therefore, benzyl alcohol at 0.9% is a better choice of 
preservative for rhNGF in the acetate formulation containing no surfactant for multi^se purpose. 

PC.12 Cell Survival Bioassav. In contrastto the RRA results, the PC-12 cell survival bioassay data in 
Table 10 show that dierewasno significantdifference in potency of rhNGF in all formulations stored at S'^C for 

35 12monthsand25*Cfor9mOTths. 
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Table 10: SUbillty f current and selected maltWose liquid formulatioas for rhNCF determined by 
bioasssy after 12 months at 5"C and 9 mouths at 25*C 



f ftyynulation buffer 

5 

I OmM acetate, pH 5.5 
145 mM NaCU 2 mg/mL 

20 mM acetate, pH 5 j 
10 1 36 mM NaCI, 0. 1 mgAnL 

20 mM acetate, pH 5.5 
136mMNaCl,0.] mg/toiL 

20 mM acetate, pH 5.5 
136 mM NaCI, 0.1 mg/mL 

1 5 20 mM acetate, pH 5.5 
136 mM NaCl, 0.1 mg^ 

20 mM acetate. pH 5.5 
136 mM NaCl, 0. 1 mgAnL 

20 mM acetate, pH 5 J 
20 136 mM NaCl, 0.1 mg/mL 



30 



35 



Surfactant 
none 

none 

none 

none 

O.Oi % F68 
0.01% F6B 
0.01% F68 



preservative 
none 

none 

0.9% benzyl ale 
0.25% phenol 
none 

0.9% benzyl ale. 
0.25% phenol 



o^fffh^sinF^Remaininft 
5»C 25'C 
101.7 96.1 



84.3 113.7 

IQ2i 97.3 

953 102.1 

101.3 95.9 

96.6 942 

97.« 96.4 



a Calculated as a percentage of assay response for -70'C control sample « the 
same storage period. 

Tlic protein was found to be fully active in all formulations as determined by this bioassay. Therefore, die 
25 radioreceptorbinding assay is a more stability indicatingassay than the ceU survival bioassay in determining die 
bioactivity of rhNOF. 

Solutionsof all rhNGF formulations were clear and colorless to the naked eyes (Table 1 1). Particulates 
were noi observed ui any of the formulations at all tempcrawres and timep^^^ 



Table 11: pH and visual clarity of rhNGF formulations after 12 months at 5*C and 9 months at 25*C 



10 mM acetate. pH 5S 
l45roMNaCI.2mgAnL 

20 mM acetate, pH 5S . 
136 mM NaCl. 0.1 mg/taiL 



20 mM acetate. pH 5 J 
136 mM NaCl. 0.1 mg/iofiL 
40 0.9%ben^lalc 

20 mM acetate. pH 5S 
136 mM NaCl. 0.1 mg/mL 
02S%pheiitA 



5'C 
5S0 

5.54 

5.52 

5.49 



Visual Chritv Bit 
5"C 



co/cl 
co/cl 

GO^Cl 

co/cl 



25'C 
5.40 

5.41 

5.58 

S.60 



Vkuat Clarity 
25'C 

co/d 
co/cl 
co/d 

co/cl 
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20 mM acetate, pH S.S 5.47 co^cl 5.53 co/cl 

136inMNaCl,0.lmg/taiL 

0.01% F68 

20 mM acetate, pH 5.5 5.42 co/cl 5.42 co/cl 

5 136iDMNaCl,0.1ing/taL 
0.01% F68. 0.9% benzyl ale. 

20 mM acetate, pH 5.5 5.48 co/cl 5.41 co/cl 

l36inMNaCI,0.1 mg/mL 
0.01% F68, 025% phenol 

10 co/cl « colorless and clear 

pH Results. rhNGF formulated in 10 mM acetate, 142 mM sodium chloride at either pH 5.0 or pH S.8 
had an increase in pH by 0.2 units during the stability study. Tbe muhi-dose formulations and their control 
fcmnutations used in this snidy were formulated in 20 mM acetate at pH 5.5 which should provide a higher buffer 

15 capacity to prevent pH change. Table 1 1 shows that pH remained unchange for all formulations studied. 

Preservative FffcctiveT>css Test. After 6 months of stability study, the most stable muhi-dose 
formulation for rhNGF which consists of 0.1 mg/mL rhNGF in 20 mM acetate at pH 5.5, 136 mM sodium 
chloride,and 0.9% benzyl alcohol was submitted for prtservativeefTicacy testing. This lead fmnulation passed 
both the USP and EP (criteria A and B) after 6 months storage at 5*C 

20 Circular Dichroism fCDV Analysis. The presence of 0.9% benzyl alcohol in various liquid interferon- 

gamma (rfalFN-g) formulations induces loss in circular dichroism signals in the near-UV region. The near-UV 
CD signal of rfaIFN-9 disappeared within 24 hours, indicating that there was a change in tertiary structure of the 
protein due to the presence of benzyl alcohol. However, this phenomenon was not observed in the rhNGF 
formulation preserved with 0.9% benzyl alcohol. After 24 hours of the addition of tile preservative, the near-UV 

25 CD spectrum remained unchange, suggesting that there is no interaction between rhNGF and benzyl alcohol in 
the acetate formation at pH 5.5. Figure 1 6 shows the near-UV CD spectrum of rhNGF, and Figure 1 7 compares 
the near-UV CD spectra of rhNGF in the presence and absence of benzyl alcohol after 24 hours at 25*'C. Due 
to die interference of benzyl alcohol at wavelength below 275 nm, CD spectrum of rhNGF was scanned ftom 
325 nm to 275 nm when the sample ccmtained the preservative. 

30 Rtri><jtg«T^rtinyStahilitv 

I . Agitation Sfadies. Shaker snidies were performed to determine whether it is necessary to add 
surfactant(F68) in the rhNGF multi-dose formulations at low protein concentration such as 0.1 mg/mL in order 
to prevent protein aggregation and maintain visual clarity of die solutions during agitation. The Data of Table 
12 show that rhNGF at 0. 1 mg/mL in the 20 mM acetate formulation at pH 5 J (with or without preservative) is 
35 quite stable to mechanical disruption such as shaking. This suggests that surfactant is not required in formulating 
rhNGF at 0.1 mg/mL as muhi-dose liquid form for stability purpose. 
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Table: 12: Effect of agitation on slablJIly f rhNGFmuitMose liquid formulatioM. Samples were fhakeB 
at 80 rpm f r < and 24 bopn at room Unpcratnre. 



5 


FonnHlntion 
1 


HbufS 

6 
24 


(SEC) 
0 

0.4 


(RP-HPLC) 

0.6 

OJ 


VMGF . 
(RP-HPLC) 
101.6 
101.7 


Rl-ISA 
{mgftoL) 
0.1 
0.09 


0.11 
0.11 


10 


2 


6 
24 


0 
0 


0.8 
0.7 


103.6 

100.8 . 


0.09 
0.09 


0.11 
0.10 




3 


6 
24 


0 
0 


0.6 
0.6 


101 J 
101.0 


0.09 
0.09 


0.10 
0.10 


IS 


4 


6 
24 


0 
0 


0.6 
0.7 


IOOi.8 
101.0 


0.09 
0.09 


0.10 
0.10 



Fonnulatkms: 

1. 2 mg/mL, 10 mM acetate pH 5.5, 145 mM NaCL 
20 2. 0.1 mg/mL, 20 mM acetate pH 5 J, 136 mMNaCI. 

3. 0.1 mg/mL, 20 mM acetate pH 5J, 136 mM NaCl, 0.9% benzyl alcohol. 

4. 0.1 mg/mL, 20 mM acetate pH 5.5, 136 mM NaCl, 0^5% phenol. 



2. PreeMiig.ThawingStudies. Resultson the effect of freezing and thawing on sttbilhy of 0.1 mg/taL 
25 riiNGF multi-dose liquid fomiulations are presented in Table 13. 
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40 



45 



Table: 13: Effect of freeze-tbaw on stability of rhNGF muHI-dose liquid formnlatioiii. 



Formulation 

1 
2 

3 

4- 



Frcc«-70'C 
■n»aw 5"C 
3 cycles 
3 cycles 
3 cycles 
. 3 cycles 



(SEC) 
0 
0 
0 
0 



(RP-HPLC) (RP-HPLC) 



0.9 
0.4 
0.8 
0.5 



102.1 
102.1 
101 J 
101.8 



FMSA 

(mg/tnL) 

0.09 

0.08 

0.09 

0.09 



RRA 

(mg/taiL) 

0.10 

0.10 

0.11 

0.10 



Fonnulations: 

1. 2 mg/mL, 10 mM acetate pH 5.5, 145 mMNaa. 

2. 0.1 mg/taL. 20 mM acetate pH 5.5, 136 mM NaCl. 

3. 0.1 mg/taL, 20 mMaceutepH 5.5. 136 mM NaCl. 0.9% ben^l alcohol 

4. 0.1 mgtoL, 20 mM acetate pH 5.5, 136 mM NaCl, 0.25% phenoL 

After 3 cycles of freezing and diawing, the 0.1 mg/mL thNGF in die 20 mM acetate fonnulation at pH 5 J as 
control and the two multi-dose formulations containingeitfier 0.9% benzyl alcohol or 0.25% phenol did not show 
any loss in stebility oflhe protein. TTiey are as stable as the current 2 mg/mL rhNGF Uquid formulation after 3 
cycles of freezing and tiiawing between -70 and 5 'C. 

3. } Jght Compatihilitv Snidies. Table 14 summarizes die effect of light on stability of ihNOF fai the 
current 2 mg/taL formulation, the 0. 1 mg/mL rhNGF control formulation, and the ben^l alcohol or phenol 
preserved 0. 1 mgAnL ffaNGF fonnulations. 
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Table 14: EfTcct f Ughl on stability of rbNGF multMosc liquid formnlatiODS. Samples were 
illuminated at a light iDtenslty of 20,000 lui at 28*C. 



Fnrmulation 



10 mM acetate pHS.5 
145 mM NaCI 

20 mM acetate pHS.3 
10 136 mM NaCI 

20 mM acetate pH5.S 
136 mM NaCI, 
0.9% benzyl alcohol 

15 

20 mM acetate pH5.5 
136 mM NaCI, 
0.25% phenol 

20 1 0 mM acetate pH5.5 
MSmMNaa 

20 mM acetate pH5.S 
136 mM NaCI 

25 20 mM acetate pH5.5 
136 mM NaCI, 
0.9% benzyl alcohol 

20 mM acetate pH5.5 
30 136mMNaCU 
0.25% phenol 



Cone. 




WmWs 


%Aeffreeate 


ELISA 


RRA 


(mgAnL) 


Conditkm 




(SEC) 


(mgAnL) (mgAnL) 


2 


Daik 


2 


0 


220 


2.00 








W.J 


2.20 


2.00 


0.1 


uanc 




A 
U 


0.10 


0.11 






5 


0 


A AA 

0.09 


0.10 


0.1 


Dark 


2 


0 


0.10 


0.11 






5 


0 


0.10 


0.10 


0.1 


Dark 


2 


0 


0.10 


0.10 






S 


P.2 


0.10 


0.10 


2 


Light 


2 


0.4 


2.20 


2.40 






S 


1.6 


2.00 


1.80 


0.1 


Light 


2 


0 


0.10 


0.10 






5 


OJ 


0.09 


0.09 


0.1 


Light 


2 


0 


0.10 


0.10 




5 


0.2 


0.09 


0.09 


0.1 


Light 


2 


0.7 


0.09 


0.10 




5 


12.1 


0.07 


0.04 



After storage for 2 weeks in the light box, there was no significant loss in stability of the protein in all 
fonnulations studied. However, after 5 weeks of storage in the light box, SE-HPLC indicated an increase in 

35 aggregate formation occurred in the cunent fonnulation (1 .6%). Aggregate formation was even more 

pronounced in the phenol preserved formulation ( 12. 1%) after 5 weeks exposure to light. There was also a 
30% loss in protein concentration and 60% in bioactivity in the light exposed phenol containing formulation 
as determined by ELISA and RRA, respectively. BoA benzyl alcohol preserved fi)rraulation and the 0.1 
mg/knL rhNGF control formulation were stable after exposure to light for 5 weeks. All control vials wrapped 

40 with aluminum foil were stable after 5 weeks ofstorage in the light box. These resuhs suggest that rhNGF is 
more sensitive to light at higher protein concentration (2 mg/mL) than at loww protein concentration (0.1 
mg/mL) in the acetate formulation at pH 5.5. In the presence of phenol, rhNGF degrades more faster upon 
light exposure. 

All 0.1 mg/mL rhNGF multi-dose liquid formation at pH 5.5 are stable at 5**C for 12 months. At 
45 25"C, the formulations (with or without F68) using 0.25% phenol as preservative were less stable than the 
formulations using 0.9% benzyl aloAol. 

-28- 
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0. 1 mg/mL rtiNGF Fomulations at pH 5 J containing surfactant (F68) are as stable as the 
fonnulations containing no surfactant. 

The lead muhl-dosc fonnulation for rhNGF is 0.1 mgftnL protein in 20 mM acetate, pH 5.5, 136 
mM NaCI and 0.9% benzyl alcohol filled in 3 cc vial with 1.8 mL filled. This fomutoion passed boA the 
5 USP and EP preservative efficacy testing after 6 month storage at 5 "C. 

rhNGF at 0.1 mg/mL formulated in 20 mM acetate, 136 mM NaCl pH 5.5 is as stab^^ 

2 mg/mL liquid formulatioo. 

Agitation has no effect on stobility of rhNGF, with regardless to protein concentration or excipient 

in the formulatioa. 

10 rhNGF is more stable in the dark than in the light especially if the fom:iulation contains phenol as 

preservative. 

rhNGF at 2 mg/mL in the current formulation and at 0.1 mg/mL in the multi-dose liquid 
formulations can undergo at least 3 cycles of freezing (-TO'C) and thawing (5'C) without any adverse 
effect on the stability of the fTOtein. 
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WHAT is CLAIMED IS: 

1. A phannaceuticalcomposltion,comprisinga phamwceuticallyeffective amount of nerve growth factor 
and a phaimaceurically acceptable acetate-containing buffer. 

2. TbecOTipositi nofclaim 1 hayingapHfrompH5 lo6. 

3 3. The composition ofciaiml, wherein the buffer is sodium acetate. 

4. The conip«»ition of claim I having an acetate concentration of 0.1 to 200 mM. 

5. The composition of chum I, wherein the NGF concentration is 0.07 to 20 mgtol. 

6. The composition of claim I, fimher comprising a pharaiBceutically. acceptable preservaiiw 

7. TT,e composition ofclaira 7, wherein the preservatwe is selected fnmi the group consistm^ 

10 alcohol, 

phenol, m-cresol, methylparaben, and propylparaben. 

«. The composition of claim 8, wherein the preservative is benzyl alcohol. 

9. The composition of claim I, wherein the benzyl alcohol concentration is form 0.1 to 2.0% 

10. The composition of cteiro 1, further comprising a phaimaeeuticallyaccepttble surfactant. 

15 11. The compositionofclaiml,fiather comprising a physiologically acceptable concentration of 

chloride. 

12. The compositionaccording to ctoim 1, wherein the nerve grow* factor has a concentration of at least 
about 0.1 mg/ml and said acetote ion has a concentration of 10 mM to 50 mM. 

13. The composition accordingto claim I, wherem said nerve growth factorhas a concentration of 0.1 to 
20 about 2.0 mg/ml and said acetate ion has a concentration of 10 mM to 50 mM. 

14. Hie composition of claim 1, wherein the NGF concentration is 0.1 mg/ml, the sodium acetate 
concentrationis20mM.thepH is 5J, the sodium chloride concentrationis 1 36 mM. and benzyl alcohol is 0.9% 
(v/v). 

15. The composition of claim I, wherein the NGF concentration is 2.0 mg/ml, the sodium acetate 
25 concentration is 10 liiM, tiie pH is 5.5, and die sodium chloride concentration is 142 mM. 

16. A composition produced by the process comprising fomiulating nerve growdj fector and a 
phannaceutically acceptable acetate^ntaining bufifisr. 

17. The composition of claim 16 wherein the composition is formulated with 0.1 mgtol, 20 mM sodhOT 
acetate, 136 mM sodium chloride, 0.9% (vAr) benayl alcohol, at pH of 5.5 

30 18. A kit for NGF administration, comprising a vial contaming a phanhaceutical composhion comprising 
apharmaceuticallyeffectiveamountofnervegrowtiifactorandaphannacemicallyacceptableBcetate^ 

buffer. 

19. The kit of claim 18, wherein the composition volume is from 1.6 to 2.0 mi. 

20. The kit of claim 1 8, wherein die vjal reduces light exposure of die composition. 
35 21. The kit of claim 18, wherein the composition is stored from 2 to 8 degrees C. 

22. The kit of claim 1 8, wherem the vial comprises a multi-dose volume of NGF f rmulation. 

23. A meAod for the pi«paration of the compositi n f claim I comprising the steps of compounding said 
NGF and acetate-cointaining buffor. 
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24. A method fincreasingthe stability fNGFinaphannaccmicalcompaskionconiBimngNGF a^ 
princvlc comprising incorporatingacctaic in said composition, wherein said acetate jrocnt m an amount and 
pH effective to increase the stability of the NOF. 

25 The composition of claim 1, wherein the nerve growth factor is 118 amino acid NOF, 

26. The composition of claim 25, wherein the nerve growth factor 1 18/118 rtiNGF. 

27. The composition of claim 25, wherein the nerve growth fector is secreted from Chinese hamster ovary 
cells. 
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a s di-oxidized rhNGF 
b s deamidated rhNGF 
c s mono«oxidized rhNGF 
d s IsO'BspartaCe 
e = 120 rh NGF 



f s 118 rhNGF 

g s N'terihinal clipping 

h s mtsfolded rhNGF 

i s protein eluted at gradient ramp 
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0.01 % F68, pH 5.5) 
— 6- - F: Formulation E + 0.9% BA 
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